Poxvirus strains differ with respect to the effect of rifampicin on viral protein synthesis. Rifampicin severely depressed vaccinia-directed protein synthesis but had little effect on the rate of cowpox-directed protein synthesis, including one late virus-induced enzyme. The spectrum of polypeptides synthesized in cowpox-infected cells was similar in the presence or absence of rifampicin except for one significant difference. Portions containing 5 X 106 cells were incubated with L-leucine-4,5-3H (specific activity, 40 Ci/mmole; 2 ,ACi/ml of culture) for 20 min. Cells were harvested, washed once in cold tris(hydroxymethyl)aminomethane (Tris)-hydrochloride (0.10 M, pH 7.8), and then disrupted in reticulocyte-swelling buffer (10) by Dounce homogenization. Nuclei were removed by centrifugation (500 X g, 3 min), the cytoplasmic fractions were acidified (5% trichloroacetic acid), and the precipitate was collected on glass-fiber filters for assay by scintillation spectrometry.
Inhibition of vaccinia replication by rifampicin has been established by several groups (2, 14) .
Accumulated evidence for the mechanism of rifampicin inhibition indicates that early viral functions are not impaired (3) , viral deoxyribonucleic acid (DNA) synthesis is not greatly affected (3, 8) , and late viral messenger ribonucleic acid (mRNA) synthesis is normal with respect to rate of synthesis (3, 8) , median sedimentation coefficient (1, 8) , and association with polysomes (1) . Some differences of opinion exist concerning the effect of rifampicin on synthesis of late viral proteins. Becker's group (1) found that rifampicin inhibited incorporation of labeled amino acids into polysomes of vaccinia-infected cells, and concluded that rifampicin selectively inhibited late viral protein synthesis. Moss' group (8) found that all structural vaccinia proteins are made in the presence of rifampicin. They presented evidence that rifampicin blocks assembly of viral components and suggested that assembly failure might depress the rate of viral protein synthesis (9) 
This report concerns the different responses of two poxvirus strains to rifampicin and is relevant to an understanding of the mechanism of the action of the antiviral agent.
MATERIALS AND METHODS Cells and virus. HeLa-S3 cells weremaintained in suspension in Eagle's medium supplemented with 5% fetal calf serum. The Brighton strain of cowpox was propagated in embryonated hen eggs. Vaccinia WR was propagated in HeLa-S3cultures. Techniques for infection of cells have been described (5) . Unless otherwise stated, the input multiplicity of infection was 10 pock-or plaque-forming units (PFU) of either cowpox or vaccinia WR per cell. Both virus prepara-1 Roche Institute postdoctoral fellow. tions were partially purified by modifications of the procedures of Planterose et al. (11) . Titration of stock virus was approximately 5 X 108 PFU for cowpox and WR.
Rate of protein synthesis. Infected cells were diluted, after adsorption of virus, in Eagle's medium which contained one-sixth of the normal amino acid concentration and was supplemented with 10%O serum.
Portions containing 5 X 106 cells were incubated with L-leucine-4,5-3H (specific activity, 40 Ci/mmole; 2 ,ACi/ml of culture) for 20 min. Cells were harvested, washed once in cold tris(hydroxymethyl)aminomethane (Tris)-hydrochloride (0.10 M, pH 7.8), and then disrupted in reticulocyte-swelling buffer (10) by Dounce homogenization. Nuclei were removed by centrifugation (500 X g, 3 min), the cytoplasmic fractions were acidified (5% trichloroacetic acid), and the precipitate was collected on glass-fiber filters for assay by scintillation spectrometry.
Assay of RNA polymerase and deoxyribonuclease. The cytoplasmic fraction obtained by disruption of infected cells was used to assay RNA polymerase, as recently described in detail (3) Samples were subjected to electrophoresis on 8.5%O acrylamide gels (7 by 160 mm, 5 ma per gel, 20 hr), after which the gels were sliced (1-mm slices). Gel slices were incubated in a Nuclear-Chicago Solubilizer (0.5 ml, 16 hr, 65 C), Liquiflor scintillation fluid (7 ml) was added, and radioactivity was determined after gel slices had been allowed to swell in the scintillation fluid (4 hr (10 PFU/cell) . To half of the infected culture, rifampicin (100 ,ug/ml) was added 30 min postinfection. Enzyme activities of the cytoplasmic fraction of such cultures were determined after disruption of the cells (see Materials and Methods). We found that cowpoxinduced RNA polymerase activity was not detectable in extracts of rifampicin-treated cells, whereas the induction of acid deoxyribonuclease proceeded at almost the normal rate (Fig. 3) . Furthermore, it is of interest that the nuclease activity, recently reported to be incorporated into virions, was found in the particulate fraction (100,000 X g precipitate), even in extracts of rifampicin-treated cells. In contrast, we could not detect induced deoxyribonuclease in rifampicin-treated WR-infected cells.
Assembly of particles in rifampicin-inhibited systems; production of "rifampicin-particles." Cells were infected with cowpox or WR at an input of 10 PFU per cell. Rifampicin (100 ,ug/ml) was added after adsorption. Tritiated thymidine (specific activity, 6.7 Ci/mmole; 0.5 ,uCi/ml of culture) was (Fig. 7) . Comparison of cowpox polypeptides with those of the corresponding rifampicin particles revealed one distinct difference. Around the position of peak A of the normal polypeptide profile, two peaks (a1, a2) were invariably found. These two peaks remained associated with the particles after they were recentrifuged through sucrose gradients. The result was confirmed in a number of separate experiments. Some alterations in the relative proportion of other peaks were usually found, but we are not confident that such differences are significant. The apparent loss of peak B from the rifampicin particle profile shown may be due to failure in resolution in the experiment described. Low concentrations of rifampicin (10 ,g/ml) did not inhibit cowpox replication and did not alter the polypeptide profile.
Since the rifampicin particles represented at most 10% of the normal particle yield, it could be argued that any abnormality in their polypeptides infected cultures were incubated from 0 to 15 hr postinfection with 3H-thymidinie (0.1 ,ICi/ml, specific activity 20 Ci/mmole). Rifampicin (100 0,g/ml) was added to half of the infected culture 30 mini postadsorption. After 15 hr, the cells were hiarvested and disrupted in KBM; the cytoplasmic fractions were layered onto 50 to 70%" (w/v) sucrose gradients and centrifuged (2 hr, 95,000 X g). Gradients were fractionated, and acid-precipitable radioactivity was determined. does not reflect the polypeptide composition of the cytoplasmic fraction of infected cells. The whole cytoplasmic fraction of rifampicin-treated cowpox-infected cells was compared with that of uninhibited controls by gel electrophoresis (Fig.  8) . Again, the two peaks a, and a2 were found in the whole cytoplasmic extract and in roughly the same proposition, relative to other peaks, as found in isolated rifampicin particles.
One must represent a polypeptide or class of polypeptides that rifampicin elicits by interfering with cleavage of some of the normal polypeptides or by an aberration in synthesis. We found no indication of this in WR rifampicin particles (Fig. 7a) , and therefore we have not further studied whole cytoplasmic extracts of WR-infected cells.
DISCUSSION
Rifampicin inhibits replication of WR and cowpox in HeLa-S3 cells. The decrease in rate of protein synthesis that occurs in the cytoplasm of WR-infected cells is accelerated by rifampicin. The cowpox system differs in two respects: after an initial depression, there is no decrease in the rate of protein synthesis in the cytoplasm of cowpox-infected cells for at least 10 hr, and rifampicin does not markedly affect this rate of synthesis. In support of this point, we found that rifampicin had little effect on synthesis of the cowpoxinduced late enzyme acid deoxyribonuclease. Our observations with cowpox virus do not support the suggestion of Ben-Ishai et al. (1) Since rifampicin elicits a change in the poly- 
